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(54) Rotation detector in reach cargo vehicle and wheel for reach cargo vehicle 



(57) Reach rails (21 ) extend forward from a body of 
a reach forklift truck. An axle (31) is fixed to outer walls 
of reach rails (21). Front wheels (11) are supported by 
the axle (31). Protrusions (34a) are formed on the side 
of the wheel (34) at a constant pitch. A guard (40) is 
attached to the lower surface of each reach rail (21). A 
sensor (30) is protected by the guard (40) from objects 
on the floor surface. The sensor (30) detects the number 



of revolution of the front wheel (11) based on passage 
of the protrusions (34a). The sensors (30) are positioned 
substantially within the dimensions of the reach rail (21 ). 
Therefore, if the front wheels (11) are non-powered 
wheels, parts for transmitting the front wheel (11 ) need 
not be added near the front wheel (11), thereby simpli- 
fying the structure for detecting the rotation of the front 
wheels (11). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a rotation de- 5 
tectorfor detecting the number of revolutions (rotational 
speed) of front wheels in a reach cargo vehicle such as 
a reach forklift truck, and a wheel for such a reach cargo 
vehicle. More particularly, the present invention relates 
to a rotation detector which comprises a sensor and a 
detectable portion rotated integrally with front wheels 
and detected by the sensor, and a wheel wh ich compris- 
es the detectable portion. 

[0002] Generally, a reach forklift truck has a pair of 
reach legs, which extend forward from a vehicle body. 
Each of the reach legs Includes a reach rail. A mast as- 
sembly, which functions as a cargo carrying apparatus, 
is movable forward and backward along a pair of reach 
rails. Reach forklift trucks Include a tricycle type forklift 
truck which includes one rear wheel and two front 
wheels. The rear wheel is used for driving and steering 
the wheels. Generally, a forklift truck additionally In- 
cludes an auxiliary wheel (caster wheel) adjacent to a 
rear wheel, regardless of whether it is a tricycle type 
forklift truck. Each of the front wheels is supported by 
an axle secured to aside wall of an associated reach rail. 
[0003] In recent years, an anti-skid brake system 
(ABS) or a traction control (TRC) have been employed 
in automotive vehicles, whereas neither ABS nor TRC 
have been employed in cargo carrying vehicles such as 
a forklift truck. However, it is desirable to employ this 
type of control in forklift trucks to ensure stability and 
prevent skid marks on the floor of a factory due to skid- 
ding and locking of tires, 

[0004] Japanese Unexamined Patent Publications 
Nos. Hei 6-191250, Hei 6-191251, Hei 10-297900 dis- 
close forklift trucks that have a turn stabilization control, 
which locks a suspension function based on a signal in- 
dicative of a detected turning action of a vehicle body 
so that the vehicle body does not incline either too far 
to the left or to the right when the vehicle body turns. 
[0005] Generally, a reach forklift truck detects the ro- 
tation of a drive motor for driving a drive wheel to detect 
the vehicle speed. However, for implementing a variety 
of controls as mentioned above, detection of rotating of 
front wheels is desirable in some cases. 
[0006] For example, when ABS or TRC is employed, 
locked or skidding drive wheels can be detected by a 
difference in rotational speed between a drive wheel and 
a follower wheel (non-powered wheels). Also, when the 
turn stabilization control is employed, the turning state 
of a vehicle can be detected by a difference in rotational 
speed between a rear wheel and a front wheel or a dif- 
ference in rotational speed between right and left 
wheels. The detection of the front wheel rotation is ad- 
vantageous for a variety of controls mentioned above. 
[0007] Japanese Unexamined Patent Publication No. 
Hei 6-191250 discloses a reach forklift truck, which is 



equipped with a sensor for detecting rotation of front 
wheels. As shown in Fig.21 , the reach forklift truck 91 
of this publication is a three-wheel drive vehicle in which 
a pair of front wheels 92 is powered. Each of the front 
wheels 92 is supported by one of a pair of reach rails 
95. The driving force of a motor 96 is transmitted to the 
front wheels 92 through a gear box 97. A sensor 94 is 
located in the gear box 97 for detecting rotation of gears 
in the gear box 97. 

[0008] A sensor for detecting rotation of the wheels is 
mainly used to (a) detect the vehicle speed, and (b) con- 
trol the speed of the motor for driving the drive wheels. 
The sensor detects the rotational speed of a rotor, such 
as a gear for transmitting the driving torque, or the rota- 
tional speed of the motor to indirectly detect the rota- 
tional speed of the drive wheels. The rotational speed 
of the drive wheels is detected, but the rotational speed 
of a follower wheel is not detected for any of the purpos- 
es (a), (b). There has never been a reach forklift truck 
equipped with a sensor for detecting the rotation of front 
wheels when the front wheels are non-powered follower, 
or coasting wheels. 

[0009] When front wheels are follower wheels, the 
front wheels are rotatably supported by axles that are 
fixed to the outer sides of reach rails, respectively. This 
structure lacks an object, the rotation of which can be 
detected, such as a gear box, a motor or the like near 
the front wheels. It is therefore necessary to modify the 
structure near the front wheels, for example, by adding 
parts for transmitting the rotation of the front wheels 
such as gears near the front wheels to detect the rotation 
of the front wheels. 

[0010] Also, a sensor must be located near a front 
wheel for detecting the rotation of the front wheel. How- 
ever, the positioning of a sensor near a front wheel is 
inappropriate due to the following problems. 
[0011] Locations near a front wheel are quite close to 
the floor surface. For this reason, the sensor may con- 
tact an obstacle on the road while the vehicle is running, 
resulting in damage to the sensor. 
[0012] When a sensor is positioned outside a front 
wheel for permitting the rotational speed to be detected 
from outside of the front wheel, the width of the forklift 
truck is increased. Currently, the width of the forklift truck 
is slightly less than the width of a pallet. Further increas- 
ing the width due to the addition of the sensor would 
lead to difficulties in removing a pallet that is sandwiched 
between and placed behind two pallets and difficulties 
in passing through a space as narrow as a pallet. This 
would significantly reduce the efficiency of cargo trans- 
portation. 

[001 3] There is only a small gap between a fork of a 
mast assembly between right and left reach rails and a 
reach rail. Therefore, if a sensor is positioned inside a 
front wheel and protrudes toward the fork from the side 
surface of the reach rail, the forks may interfere with the 
sensor if they swing horizontally. 
[0014] To solve the above problems, appropriate ex- 
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pedients are required for a position in which the sensor 
is attached and a method of attaching the sensor. 
[0015] In addition to the above problems, the following 
problem also remains unsolved. 

[0016] A foreign object such as a rope may be wound s 
around an axle of front wheels. If a majority of sensor 
protrudes into a gap between a reach rail and the front 
wheel, the foreign object wound around the axle may 
also be wound around the sensor and cause a displace- 
ment of the sensor position. This displacement of the 
sensor may reduce the detection accuracy of the sensor 
and cause erroneous detection. 

SUMMARY OF THE INVENTION 

[0017] It is an object of the present invention to pro- 
vide a simple rotation detector and a wheel for use in a 
reach cargo vehicle that does not require additional 
parts near a front wheel, even when the front wheel is 
a non-powered wheel. 

[0018] It is another object of the present invention to 
provide a rotation detector for use in a reach cargo ve- 
hicle that does not increase the existing width of the ve- 
hicle. 

[0019] It is still another object of the present invention 
to provide a higher accurate sensor. 
[0020] To satisfy the objects, a rotation detector for a 
reach cargo vehicle is provided. The reach cargo vehicle 
includes a cargo carrying apparatus, a vehicle body, and 
a pair of reach legs extending from the vehicle body. 
Each of the reach legs has a reach rail. The cargo car- 
rying apparatus is movable along the pair of reach rails. 
A pair of front wheels is rotatably supported by an axle 
at the outside of the reach rails, respectively. The rota- 
tion detector is characterized by a sensor and a detect- 
able object. The sensor is attached to at least one of the 
reach legs. The detectable object is formed on at least 
one front wheel to rotate integrally with the front wheel. 
The detectable object is detected by the sensor to de- 
termine the rotational speed of the front wheel. 
[0021 ] A wheel for use in a reach cargo vehicle is also 
provided. The vehicle includes the wheel, and a sensor 
located near the wheel. The wheel is characterized by 
detectable objects made of a metal and arranged on an 
side or an internal circumferential wall of the wheel at a 
constant pitch in a circumferential direction. The detect- 
able objects are detected by the sensor to determine a 
rotational speed of a front wheel. 
[0022] Other aspects and advantages of the invention 
will become apparentf rom the following description , tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 



to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a left side view of a rotation detector for 
detecting the rotational speed of front wheels in one 
embodiment; 

Fig. 2 is a front sectional view illustrating the rotation 
detector of Fig. 1 ; 

Fig. 3 is an exploded perspective view illustrating 
how a rotational speed sensor is attached; 

Fig. 4 is a front view for illustrating how a hydraulic 
pipe is routed for a brake device; 

Fig. 5 is a perspective view for illustrating the action 
of a cutter; 

Fig. 6 is a partial front view of a reach forklift truck; 

Fig. 7 is a side view of the reach forklift truck; 

Fig. 8 is a plan view of the reach forklift truck; 

Fig. 9 is a front sectional view of a rotation detector 
in another embodiment; 

Fig. 1 0 is a partial left side view of a rotation detector 
in another embodiment; 

Fig. 11 is a partial left side view of a rotation detector 
in still another embodiment; 

Fig. 1 2 is a partial left side view of a rotation detector 
in a further embodiment; 

Fig. 1 3 is a partial leftside view of a rotation detector 
in a further embodiment; 

Fig. 1 4A is a partial left side view illustrating a rota- 
tion detector in a further embodiment; 

Fig. 14B is a partial left plan sectional view of the 
rotation detector in Fig. 14A; 

Fig. 1 5 is a front sectional view of a rotation detector 
in a further embodiment; 

Fig. 1 6A is a partial left side view illustrating a rota- 
tion detector in a further embodiment; 

Fig. 1 6B is a front sectional view of the rotation de- 
tector in Fig. 16A; 

Fig. 17A is a partial left side view of a rotation de- 
tector in a further embodiment; 
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Fig. 1 7B is a side view illustrating a rotation detector 
in a further embodiment; 

Fig. 1 8 is an exploded perspective view of a front 
wheel having a metal detectable portion in a further 
embodiment; 

Fig. 1 9A is an exploded perspective view illustrating 
a front wheel in a further embodiment; 

Fig. 1 9B is a partial enlarged front sectional view of 
the front wheel in Fig. 19A; 

Fig. 20 is a side view of a front wheel in a further 
embodiment; and 

Fig. 21 is a plan view of a prior art reach forklift truck. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] One embodiment of the present invention will 
be described with reference to Figs. 1 through 8. In Fig. 
8, the left side is the front, the upper side is right, and 
the lower side is left. 

[0025] As illustrated in Figs. 7 and 8, the reach forklift 
truck 1 0, which is a reach cargo vehicle, is a three-wheel 
type forklift truck that has two front wheels and one rear 
wheel. The front wheels 11 are follower wheels, while 
the rear wheel is a drive wheel 12 which also serves as 
a steering wheel. The drive wheel 1 2 is offset to the left 
from the longitudinal axis, while casters 13 (illustrated 
in Fig. 8) are offset to the right. A pair of reach legs 15 
extends from a front portion of a vehicle body 14. The 
front wheels 11 are attached to front ends of the reach 
legs 15, respectively. A reach rail 21 is located at the 
inside of each of the reach legs 1 5 such that they oppose 
each other. 

[0026] On the rear right side of the vehicle body 14, a 
stand-type driver's space 1 6 is provided. An instrument 
panel 1 7 is located in front of the driver's space 1 6. The 
instrument panel 17 has cargo handling levers 18 in- 
cluding a search lever, a lift lever, a tilt lever and others, 
and an accelerator lever 1 8A. A container box 1 4A rises 
on the rear left side of the vehicle 14, and a steering 
wheel 1 9 is provided on the top surface of the container 
box 14A. 

[0027] The cargo carrying apparatus includes a mast 
assembly 20, forks 24, and a lift bracket 25. The mast 
assembly 20 is coupled to a piston rod 22a of a reach 
cylinder 22 (illustrated in Fig. 7), which is hydraulically 
driven, below the vehicle body 14. As the reach lever is 
operated in the cargo handling levers 1 8, a hydraulic flu- 
id is supplied or discharged to the reach cylinder 22 
through an oil control valve 23 (illustrated in Fig. 7) to 
extend or withdraw the reach cylinder 22. The mast as- 
sembly 20 is thus equipped for forward and backward 
movement relative to the vehicle body 14 along the 



reach rails 21 . The mast assembly 20 has a plurality of 
right and left rollers 20a (see Fig. 2) attached to a lower 
portion thereof. The rollers 20a roll on the reach rails 21 
to cause the mast assembly 20 to move forward or back- 
5 ward within a predetermined stroke range. A lift bracket 

25 is attached to the mast assembly 20 for supporting 
the forks 24. As the lift lever is operated, the lift cylinder 

26 is expanded or withdrawn, which causes the lift 
bracket 25 to rise or fall. 

10 [0028] As illustrated in Fig. 7, a drive motor 27 is lo- 
cated in the container box 1 4A for driving the drive wheel 
12. A sensor 28 detects rotation of the drive motor 27. 
A control unit 29, which is located in the vehicle body 
14, detects the rotational speed, i.e., the vehicle speed 

15 of the drive wheel 12, based on a signal from the sensor 
28. 

[0029] This embodiment includes right and left sen- 
sors 30 for detecting the rotational speeds of the right 
and left front wheels 1 1 , i.e., the follower wheels, as il- 

20 lustrated in Fig. 8, in addition to the sensor 28 for de- 
tecting the rotational speed of the drive wheel 12. Both 
sensors 30 are electrically connected to the control unit 
29, so that the control unit 29 calculates the rotational 
speeds of the corresponding front wheels 11 based on 

25 input signals from the respective sensors 30. The con- 
trol unit 29 uses the rotational speeds of the front wheels 
11 to perform a variety of controls such as ABS control 
and turn stabilization control. 

[0030] Next, the structure of the rotation detector will 

30 be described in detail with reference to Figs. 1 through 
5. Since the parts of the rotation detector associated 
with each front wheel 11 are the same, only one side 
(the right side) will be described below. 
[0031] As illustrated in Fig. 2, the front wheel 11 is at- 

35 tachedtoanaxle31 secured to an outer wall of the reach 
rail 21 through two bearings 32, 33. The front wheel 11 
is prevented from coming off by a lock bolt 36 threaded 
into a distal end portion of the axle 31 . The front wheel 
1 1 has a wheel 34 made of a metal (for example, an iron- 

40 based metal), and a tire 35 made of rubber or urethane 
fitted on the outer peripheral surface of the wheel 34. 
The bearings 32, 33 are fitted in the internal accommo- 
dating space of the wheel 34. The right (right side sur- 
face) of the wheel 34 is formed with a rugged surface 
made of a metal by casting or forging along the circum- 
ferential direction. In this embodiment, the rugged sur- 
face includes a large number of protrusions 34a ar- 
ranged at a constant pitch in the circumferential direc- 
tion, and the protrusions 34a function as objects detect- 

50 ed by the sensor 30. The sensor 30 and the protrusions 
34a together constitute the rotation detector. The control 
unit 29 stores the number of protrusions 34a on the inner 
side, and determines that the front wheel 11 is rotated 
when the time the number of protrusions 34a detected 

55 by the sensor 30 reaches the stored number. Therefore, 
when the front wheel 11 is rotated, the rotational speed 
of the wheel 11 can be measured by counting the pro- 
trusions 34a. For this reason, unlike the prior art exam- 
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pie, the measurement of the rotation of the front wheel 
11 does not require parts such as gears and so on lo- 
cated near the front wheel 11 . The reach rail 21 is locat- 
ed relative to the inner side of the front wheel 1 1 with a 
slight gap G therebetween. In this embodiment, the 5 
reach rail 21 functions as a structural element. 
[0032] The reach leg 1 5 includes the reach rail 21 , and 
a leg housing 1 5a, which covers the outside of the reach 
rail 21. The reach leg 15 defines an inner space (see 
Fig. 4) extending in the longitudinal direction. The outer 
surface of the front wheel 1 1 is substantially in the plane 
of the outer surface of the leg housing 1 5a or the outer 
surface of the front wheel 11 is positioned slightly out- 
side from the outer surface of the leg housing 15a. As 
illustrated in Fig. 6, the width W of the forklift truck 1 0 is 
determined by the position of the front wheels 11 , and 
the sensors 30 do not change the width W, since they 
are attached to the inside of each front wheel 11 . As il- 
lustrated in Fig. 1 , a tire cover 37 is attached to a front 
end portion of the leg housing 15a. 
[0033] As illustrated in Figs. 2 and 4, an auxiliary 
brake device 38, which is a hydraulic drum brake device, 
is attached to the axle 31 in the internal accommodating 
space of the wheel 34. As illustrated in Fig. 4, a hydraulic 
pipe line 38a extending from the brake device 38 is con- 
nected to a brake valve unit (not shown) in the vehicle 
body 1 4 through the inner space within the reach leg 1 5 
for supplying a hydraulic oil to a wheel cylinder (not 
shown) of the brake device 38. The brake valve unit con- 
tains an electromagnetic valve, which is controlled by 
the control unit 29. The brake device 38 is mainly used 
for the ABS control. The control unit 29 controls the 
brake device 38 based on a release operation on a 
deadman type brake pedal P (illustrated in Fig. 8) or a 
switch-back (return) operation on the accelerator lever 
18A. 

[0034] As illustrated in Fig. 1 , on the lower surface of 
the reach rail 21 , a pair of bosses 39 are welded such 
that they oppose the front wheel 1 1 . A guard 40 is fixed 
to the lower surface of the reach rail 21 by screwing two 
bolts 41, as fasteners, into the bosses 39. Heads of the 
bolts 41 are positioned such that they do not substan- 
tially extend downward into a range of a height H from 
a floor surface R to a lower end of the tire cover 37. This 
is intended to prevent an obstacle passing below the tire 
cover 37 from colliding with the heads of the bolts 41 to 
damage the bolts 41 . 

[0035] The guard 40 is formed of a metal plate, which 
is bent into an inverted arch shape. The guard 40 has a 
pair of inclined portions 40a, 40b, which are inclined at 
a predetermined angle to the floor surface R, and a cent- 
er bottom portion 40c between the inclined portions 40a, 
40b. 

[0036] In this embodiment, the guard 40 also func- 
tions as a bracket for attaching the sensor 30. Specifi- 
cally, the sensor 30 is mounted to a plate-shaped brack- 
et 42 using a single bolt 44. The bracket 42 is welded 
on the center bottom portion 40c of the guard 40 such 



that the bracket 42 extends upward from the center bot- 
tom portion 40c. 

[0037] The following is a detailed description of the 
attachment of the sensor. As illustrated in Fig.3,thesen- 
sor30 is an integrated type, which has a cylindrical sen- 
sor portion 30a fixed to one end of an attachment brack- 
et 43. The attachment bracket 43 is formed with a 
throughhole 43a at one end. The bracket 42 is formed 
with an assembling hole 42a, through which the sensor 
portion 30a can be inserted, and a threaded hole 42b. 
The sensor 30 is mounted to the bracket 42 by inserting 
the bolt 44 through the throughhole 43a and threading 
the bolt 44 into the threaded hole 42b, with the sensor 
portion 30a fitted in the assembling hole 42a. From a 
base of the sensor portion 30a, two signal conductors 
45 extend. The signal conductors 45 are routed within 
the reach leg 15 along the lower surface of the reach 
rail 21 and connected to the control unit 29, with the sen- 
sor 30 mounted to the bracket 42, as illustrated in Figs. 
1 and 2. 

[0038] The sensor 30 is located in a position where it 
can detect information related to the protrusions 34a. As 
illustrated in Fig. 2, since the sensor 30 is positioned 
below a guide surface 21a of the reach rail 21 , the sen- 
sor 30 will never interfere with the course of the roller 
20a. 

[0039] The sensor 30 is a magnetic sensor (for exam- 
ple, a Hall element) of a type which detects magnetic 
disturbance, which occurs when a magnetic material 
passes the front surface of the sensor 30, and outputs 
a signal corresponding thereto. The sensor 30 outputs 
one pulsed signal each time a protrusion 34a passes in 
front of the sensor 30. The control unit 29 counts the 
number of pulses in the signal sent from the sensor 30, 
and calculates the rotational speed of the front wheel 11 
from the number of input pulses per unit time. 
[0040] The guard 40 further functions to protect the 
front, rear and bottom of the sensor 30 with its inclined 
portions 40a, 40b and center bottom portion 40c. For 
example, the sensor 30 is protected by the guard 40 
from obstacles (for example, stones, wood pieces, and 
so on) on the floor surface when the forklift truck 10 is 
running. Both inclined portions 40a, 40b are inclined 
such that they are closer to each other toward their lower 
portions. Since the guard 40 is inclined with respect to 
the running direction (floor surface R) in the manner de- 
scribed above, an impact given to the guard 40 by an 
obstacle can be distributed in the directions along the 
inclined surfaces of the inclined portions 40a, 40b. Par- 
ticularly, when the guard 40 also functions as an attach- 
ment bracket, repetitive collisions of the guard 40 with 
obstacles may result in deformation of the guard 40. The 
deformed guard 40. may shift the position of the sensor 
30 to adversely affect the accuracy in detecting the ro- 
tational speed. Thus, the structure for distributing an im- 
pact force as mentioned above is preferred. 
[0041] Also, as illustrated in Fig. 2, the sensor 30 is 
positioned substantially within the lateral dimensions of 
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the reach rail 21 . This positioning prevents a foreign ob- 
ject such as a rope wound around the axle 31 between 
the front wheel 11 and the reach rail 21 from reaching 
the sensor 30. Actually, the outer surface of the sensor 
portion 30a protrudes slightly outward from the outer 5 
surface of the reach rail 21 in such a degree that a for- 
eign object is not wound (e.g. 1 to 2 mm). In association, 
the guard 40 also protrudes slightly outward from the 
outer surface of the reach rail 21 such that the sensor 
30 can be fully protected thereby over the entire vehicle 
width direction. The sensor 30 and the front wheel 11 
are spaced apart by such a distance that allows a foreign 
object wound around the axle 31 to pass. 
[0042] The gap G between the front wheel 1 1 and the 
reach rail 21 is 2 mm or more in design dimension, and 
in a range of 3 to 6 mm, for example, in this embodiment. 
The gap G is narrow and is set such that the front wheel 
11 does not come in contact with the reach rail 21 due 
to variations within the manufacturing tolerance of as- 
sembling parts. In this embodiment, for meeting the 
foregoing conditions related to the sensor 30, the dis- 
tance between the sensor portion 30a and the protru- 
sions 34a is set in a range of 2 to 5 mm. A sensor which 
contains a Hall element is suitable for use as the sensor 
30 since it ensures a detection allowable distance of 2 
mm or more. 

[0043] Also, the sensor 30 is attached such that it will 
not interfere with the fork 24 coupled to the mast assem- 
bly 20 when the fork 24 swings to the left or right. When 
the fork 24 is at a height corresponding to the reach leg 
15, an inner wall 21b of the reach rail 21 functions as a 
restricting surface to restrict a left or right swing motion 
of the fork 24. The sensor 30 is positioned within inner 
wall 21b in the lateral direction (to the left of the wall 21 b 
in Figure 2). Since the sensor 30 does not protrude in- 
side (on the right side in the figure) from the inner wall 
21b of the reach rail 21 , the sensor 30 does not affect 
the positioning range A (see Fig. 6) of the forks 24. 
[0044] Alternatively, the inner side of the guard 40 
may function as the restricting surface for the fork 24, in 
which case the sensor 30 may protrude slightly inside 
from the inner wall surface 21b of the reach rail 21 to- 
gether with the guard 40. In this event, however, the po- 
sitioning range A of the fork 24 should be reduced such 
that the fork 24 does not touch the sensor 30 even if it 
swings to the left or right. 

[0045] As illustrated in Figs. 1 through 3, the guard 40 
includes a cutter 48 for cutting a foreign object such as 
a rope wound around the axle 31 . As illustrated in Figs. 
2, 3 and 5, the cutter 48 is fixed on the lower surface of 
a bottom portion of the guard 40 such that it protrudes 
into the gap G between the guard 40 and the front wheel 
11. The cutter 48 is a type having knife edges on both 
sides, with two knife edge portions 48a consisting of a 
front knife edge and a rear knife edge extending along 
the vehicle width direction. A rope 49 wound around the 
axle 31 is cut with the cutter 48. The guard 40 is open 
to the front wheel 11 , and the hydraulic pipe line 38a of 



the brake device 38 passes through a space between 
the guard 40 and the reach rail 21 , and routed while pro- 
tected by the guard 40, as illustrated in Fig. 4. 
[0046] In regard to the ABS control, the sensor 30 is 
used to determine whether or not the brake device 38 
is actuated. The control unit 29 calculates the vehicle 
speed of the drive wheel 1 2 (drive wheel vehicle speed) 
and the vehicle speed of the front wheels 11 (follower 
wheel vehicle speed) based on the number of input puls- 
es per unit time sent from the sensors 28, 30. The control 
unit 29 calculates the difference between converted ve- 
hicle speed at the position of the rear wheel from the 
follower wheel vehicle speed and the drive wheel vehi- 
cle speed to find a slipping speed of the drive wheel 12. 
If the slipping speed exceeds a threshold value, the con- 
trol unit 29 determines that the drive wheel 1 2 is slipping. 
For example, an average value of the numbers of input 
pulses from the right and left sensors 30 is used to cal- 
culate the vehicle speed of the front wheels 11 . When 
slipping of the drive wheel 12 is detected, the control 
unit 29 opens the electromagnetic valve of the brake 
valve unit (not shown) to actuate the brake device 38. 
Subsequently, the front wheels 11 are braked for re- 
straint such that the braking distance of the forklift truck 
10 is not too long. Detected values of the right and left 
sensors 30 are also used for the turn stabilization con- 
trol. Specifically, the control unit 29 measures the differ- 
ence in rotational speed between the right and left front 
wheels 1 1 and the vehicle speed based on the numbers 
of input pulses from the right and left sensors 30 per unit 
time and estimates lateral acceleration, which acts in the 
right and left directions of the vehicle body 1 4, based on 
these measured values. Then, if the estimated lateral 
acceleration exceeds a threshold value, the control unit 
29 closes the electromagnetic valve (not shown) and 
locks a lock cylinder (hydraulic cylinder) to lock a sus- 
pension mechanism, thereby restricting rolling of the ve- 
hicle body 14. 

[0047] According to this embodiment described 
above in detail, the following advantages are provided. 
[0048] A large number of protrusions 34a are integral- 
ly formed on the inner side of the front wheel 11 at a 
constant pitch in the circumferential direction, as objects 
to be detected by the sensor 30. They are suitable for 
detecting the rotational speed of the front wheel 11 
which is a follower wheel. The sensor 30 attached to the 
reach leg 15 (reach rail 21) can directly detect the rota- 
tional speed of the front wheel 11 based on the protru- 
sions 34a. This eliminates the need for positioning parts 
such as gears near the front wheel 11 , and simplifies the 
structure of the rotation detector. 
[0049] Since the sensor 30 is positioned atthe outside 
of the inner wall 21b of the reach rail 21 in the lateral 
direction, the positioning range A of the fork 24 is not 
reduced. This reduces the likelihood of an impact to the 
sensor 30 applied by a foreign object, which interferes 
with the sensor 30, such as a rope wound around the 
axle 31 . It is therefore possible to prevent the sensor 30 



15 



20 



25 



30 



35 



40 



45 



50 



6 



2/11/2006, EAST Version: 2.0.3.0 



11 



EP 1 150124 A2 



12 



from being moved, which maintains high detection ac- 
curacy. 

[0050] In addition, as illustrated in Fig. 5, a foreign ob- 
ject such as a rope wound around the axle 31 is cut by 
the cutter 48, thereby avoiding problems resulting from $ 
the foreign object. Thus, a high detection accuracy of 
the sensor 30 can be maintained for a long term. 
[0051] The rotation sensor 30 is surrounded by the 
guard 40. Therefore, while the vehicle is running, the 
sensor 30 is protected from obstacles on the floor sur- 
face R. 

[0052] Since the inclined portions 40a, 40b are in- 
clined with respect to the floor surface R, it is possible 
to distribute an impact force applied by an obstacle on 
the floor surface R to the guard 40 when the former col- 
lides with the latter. As a result, the guard 40 is less sus- 
ceptible to deformation, and the position of the sensor 
30 is hardly shifted even if the guard 40 functions simul- 
taneously as a bracket. Thus, a high detection accuracy 
of the sensor 30 is maintained. 
[0053] Since the sensor 30 is attached to the lower 
surface of the reach rail 21 , the signal conductors 45 
can be routed through the guard 40 and along the lower 
surface of the reach rail 21 . Therefore, the signal con- 
ductors 45 are protected from a contact with a movable 
object existing around the reach rail 21 such as the fork 
24, a rope wound around the axle 31, if any, the roller 
20a, and so on. 

[0054] Since the guard 40 has an open side surface, 
the hydraulic pipe line 38a of the brake device 38 is rout- 
ed through the inside of the guard 40. Even if the sensor 
30 and the guard 40 are positioned near the inner side 
surface of the front wheel 1 1 , the hydraulic pipe line 38a 
is drawn from the brake device 38 within a path protect- 
ed in the guard 40. In other words, the guard 40 protects 
the hydraulic pipe line 38a from a location at which the 
hydraulic pipe line 38a is drawn out to the lower surface 
of the reach rail 21 . 

[0055] The head of the bolt 41 for fixing the guard 40 
does not substantially protrude from the lower end of the 
tire cover 37. The bolt 41 is prevented from being dam- 
aged or broken by an obstacle which passes through 
below the tire cover 37. 

[0056] The sensors 30 detect the number of revolu- 
tions of the front wheels 11 , respectively. The timing at 
which the ABS control orturn stabilization control should 
be conducted is correctly determined by employing an 
average value of the rotational speeds of both front 
wheels 11 , as an expedientially unified rotational speed 
of both front wheels 11, which takes into account the 
difference between the two rotational speeds. In addi- 
tion to this, if the rotational speed of the rear wheel 12 
is calculated, slippage of the drive wheel 12 is correctly 
detected, so that the brake device 38 is actuated as re- 
quired. A lateral acceleration acting on the vehicle body 
14 is indirectly detected by taking into account the dif- 
ference in rotational speed and the vehicle speed, so 
that the turn stabilization control is conducted at an ap- 



propriate time. 

[0057] A wheel for the front wheel suitable for use with 
the rotation detector, i.e., the wheel 11 formed with the 
metal protrusions 34a on the inner side thereof at a con- 
stant pitch in the circumferential direction, is provided. 
[0058] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0059] The position in which the sensor 30 is attached 
is not limited to the lower surface of the reach rail 21 . 
As illustrated in Fig. 9, when the brake device 38 is not 
attached to the front wheel 11, the sensor 30 may be 
attached to the axle 31 in an internal accommodating 
space of the wheel 34. The sensor 30 is attached to the 
axle 31 by fastening an attachment bracket 51 integral 
with the sensor 30 onto the outer periphery of the axle 
31 using a screw 52. The sensor 30 is positioned within 
the width of the front wheel 11 (within the width of the 
tire). The protrusions 34b as the detectable portion ex- 
tend inward radially from the inside of a hollow cylindri- 
cal space formed within the wheel 34 at a constant pitch 
such that they oppose the sensor 30. The internal cir- 
cumferential wall defines internal accommodating 
space. According to this structure, the sensor 30 is not 
interfered by the fork 24, and the sensor 30 is protected 
from a rope wound around the axle 31 and obstacles on 
the floor surface R. The guard 40 is not required. 
[0060] The guard need not function as a bracket for 
attaching the sensor. As illustrated in Fig. 10, a bracket 
54 with the sensor 30 attached thereto may be spaced 
apart from a guard 55. The bracket 54 is welded on the 
lower surface of the reach rail 21 (or may be fixed with 
bolts). The guard 55 is also fixed to the lower surface of 
the reach rail 21 with bolts 41 . The guard 55 only func- 
tions to protect the sensor 30. Like the first embodiment, 
the guard 55 is a metal plate which is bent into an in- 
verted arch sharp. Since inclined portions 55a, 55b of 
the guard 55 are inclined in the running direction, the 
guard 55 is less susceptible to deformation due to colli- 
sion with an obstacle on the floor surface R. Also, even 
if the guard 55 were deformed, the deformed guard 55 
would not interfere with the sensor 30 and would not 
cause a displacement of the sensor 30, so that a high 
detection accuracy of the sensor 30 is maintained. 
[0061] The guard may be arranged so that it is mov- 
able relative to the reach leg 1 5 (reach rail 21 ). As illus- 
trated in Figs. 11 and 12, a guard 57 has a function of 
relaxing an impact force, making use of resilient forces 
of springs. 

[0062] In Fig. 11 , the guard 57 is arranged slidably in 
the running direction with respect to the reach rail 21 . A 
pair of springs 58 positioned one in front of the other are 
attached to the lower surface of the reach rail 21 . The 
guard 57 is urged by the springs 58 in opposite direc- 
tions to each other. The guard 57 is positioned by the 
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balance of the two urging forces. If an obstacle on the 
floor surface R collides with the guard 57, the guard 57 
slides against the urging forces of the springs 58. Thus, 
an impact force applied to the guard 57 by the interfer- 
ence is absorbed by the springs 58. 5 
[0063] In Fig. 1 2, a guard 60 is arranged swingably in 
a plane orthogonal to the vehicle width direction about 
a shaft 61 . The shaft 61 is fixed to the lower surface of 
the reach rail 21 . The guard 60 is urged by a pair of plate 
springs 62 in opposite directions to each other. The 
guard 60 is positioned by the balance of the two urging 
forces of both plate springs 62 with its front end portion 
and rear end portion spaced from the lower surface of 
the reach rail 21 . If an obstacle on the floor surface R 
collides with the guard 60, the guard 60 pivots against 
the urging forces of the plate springs 62, thereby ab- 
sorbing an impact force. Rubber pieces 63 are attached 
to the front end portion and the rear end portion of the 
guard 60 for absorbing an impact generated when the 
guard 60 pivots and come in contact with the lower sur- 
face of the reach rail 21 . 

[0064] Since the guards in Figs. 11 and 12 have the 
inclined portions 57a, 57b, 60a, 60b, respectively, which 
are inclined in the running direction, an impact force is 
distributed in the directions along the inclined surfaces. 
This increases the advantage of the guards 57, 60 which 
are less susceptible to deformation. Since the sensor 
30 is directly fixed on the lower surface of the reach rail 
21 using the bracket 54, the sensor 30 is held at its 
mounted position without affected by displacement or 
deformation of the guard 57, 60. Thus, a high detection 
accuracy of the rotation sensor 30 is maintained. It 
should be noted that a mechanism for displacing the 
guard 57, 60 may be modified as appropriate in place 
of the springs 58, 62 or the shaft 61 . 
[0065] A guard 65 may be made of a metal plate or 
the like which is bent into a shape as illustrated in Fig. 
13, and fixed on the lower surface of the reach rail 21 
with three bolts 41. In addition to two bolts 41 for sup- 
porting an inverted arch portion having inclined portions 
65a, 65b and a center bottom portion, an additional bolt 
41 stops a support 65c of the guard 65 together with one 
of the two bolts 41 . A bracket 66 is welded on the support 
65c. The sensor 30 is fixed to the support 65c through 
the bracket 66. In other words, the guard 65 also serves 
as an attachment bracket. However, since the inclined 
portions 65a, 65b are less susceptible to deformation 
due to an obstacle, the position of the sensor30 is hardly 
shifted, thereby making it possible to maintain a high de- 
tection accuracy for the rotational speed. 
[0066] The sensor 30 may be positioned above the 
lower surface of the reach rail 21 . Fig. 14A illustrates a 
side view of a rotation detector in another embodiment, 
and Fig. 14B illustrates a plan sectional view of the ro- 
tation detector in Fig. 14A. The sensor 30 may be em- 
bedded in the reach rail 21 below a guide surface 21a 
for guiding the running of the rollers 20a. A bottom por- 
tion 21c of the reach rail 21 positioned below the guide 



surface 21 a is formed with a recess 68 for mounting the 
rotation sensor 30 in an inner side thereof. From a side 
wall of the recess 68, an assembling hole 69 and a 
threaded hole 70 extend (see Fig. 14B). The sensor 30 
is mounted to the reach rail 21 by screwing the bolt 44 
inserted through the attachment bracket 43 into the 
threaded hole 70, with the sensor portion 30a accom- 
modated in the assembling hole 70. The attachment 
bracket 43 is accommodated in the recess 68. In this 
way, the sensor 30 is positioned substantially within the 
width of the reach rail 21 without protruding from the low- 
er surface of the reach rail 21 . A running range is en- 
sured for the rollers 20a, and the rollers 20a will not in- 
terfere with the sensor 30. The sensor 30 will not be 
wound with a foreign object such as a rope, and is pro- 
tected from obstacles on the floor surface R as well. 
Since the reach rail 21 itself serves as a guard, the sep- 
arate guard is not required. 

[0067] As illustrated in Fig. 1 5, a cover 72 for protect- 
ing the sensor portion 30a may be provided for an open 
side surface of a guard 40 (guard 55, 57, 60, 65, 74, 76, 
78 in other embodiments) . The cover 72 may be made 
of a magnetically permeable resin which hardly affects 
the detection accuracy for the rotational speed. Accord- 
ing to this structure, even if the sensorportion 30a slight- 
ly protrudes into the gap G between the reach rail 21 
and the front wheel 1 1 , the sensor 30a is protected by 
the cover 72. The cover 72 is not limited to a flat plate 
shape but may be formed, for example, in a cap shape. 
[0068] The guard may be formed of a material other 
than a plate material. As illustrated in Fig. 16A, a guard 
74 included of a block made of a metal in a predeter- 
mined shape may be welded on the lower surface of the 
reach rail 21 , and the sensor 30 may be embedded in 
the guard 74. The guard 74 is formed with inclined por- 
tions 74a, 74b on the front and rear surfaces which are 
inclined in the running direction. The inclined portions 
74a, 74b function to relax an impact applied to the ve- 
hicle, when an obstacle collides with the vehicle, rather 
than to prevent the guard 74 from deformation. As illus- 
trated in Fig. 16B, the sensor 30 is also located within 
the width of the reach rail 21 in this structure. The guard 
74 formed of a metal is less likely to experience the de- 
formation, contributing to a reduction in erroneous de- 
tection due to a displacement of the sensor 30. 
[0069] The guard may be divided into a front inclined 
portion and a rear inclined portion. As illustrated in Fig. 
17A, two guards each included of a metal block, i.e., a 
front guard 76 and a rear guard 77 are located on the 
lower surface of the reach rail 21 . The sensor 30 is em- 
bedded in the rear guard 77 such that it is positioned 
within the width of the reach rail 21 . Each of the guards 
76, 77 is formed with an inclined portion 76a, 77a re- 
spectively which is inclined in the running direction. Al- 
ternatively, as illustrated in Fig. 17B, a front guard 78 
and a rear guard 79 fabricated by bending a metal plate 
material into an inverted arch shape may be located on 
the lower surface of the reach rail 21 . The sensor 30 is 
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mounted to the bracket 42 welded on the rear guard 79. 
Each of the guards 78, 79 is formed with an inclined por- 
tion 78a, 79a respectively in the running direction. Ac- 
cording to the guards 76, 77 in Fig. 1 7A, the total weight 
of the guards can be reduced by a reduction in volume 
of the spacing between the guards 76, 77. According to 
the guards 76, 77 in Fig. 1 7A orthe guards 78, 79 in Fig. 
1 78, the position of the sensor 30 will not be shifted even 
if the front guard 76, 78 is deformed. 
[0070] The guard may be formed in a box shape or in 
a casing shape. When the brake device 38 as illustrated 
in Fig. 4 is equipped, an outer side plate of a box-shaped 
guard may be formed with a throughhole forthe hydrau- 
lic pipe line 38a to pass therethrough, or the entire outer 
surface of the box-shaped guard opposing the front 
wheel 11 may be opened for routing the hydraulic pipe 
line 38a within the guard. The box-shaped guard can 
protect the sensor 30 from a foreign object from the inner 
side as well as contributes to an improved strength. 
[0071] The detectable portion may be separate parts 
in place of the protrusions 34a integral with the wheel 
34. For example, as illustrated in Fig. 1 8, on a cylindrical 
tire base 81 on which the tire 35 is fitted, a metal ring 
plate 82 having substantially the same diameter as the 
tire base 81 is mounted in the front wheels 1 1 . The ring 
plate 82 is integrally mounted to the inner side of the tire 
base 81 by screwing a plurality of bolts 83 into associ- 
ated threaded holes 81 a, respectively. The ring plate 82 
is formed on the outer periphery with toothing 82a at a 
constant pitch, and protrusions, i.e., teeth 82a function 
as the detectable portion. 

[0072] Alternatively, as illustrated in Fig. 19A, a metal 
ring plate 84 may have a cylinder portion 84a, and a 
flange 84b which is bent from the cylinder portion 84a 
to extend outward in the radial direction. The flange 84b 
is formed with a large number of holes 85 at a constant 
pitch in the circumferential direction, and lands 86 be- 
tween the holes 85 function as the detectable portion. 
The ring plate 84 is press fit into an annular recess 81b 
which is difined by the circumferential wall of the wheel 
1 1 . In Fig. 1 8, the teeth 82a are relatively susceptible to 
deformation due to an external force, whereas in Fig. 
19, the lands 86 are invulnerable since the peripheral 
edge of the ring plate 84 is continuous. For this reason, 
the detectable portion is less susceptible to deformation , 
thereby providing a stable detection accuracy of the ro- 
tation sensor 30 for a long term. Also, a single wheel 34 
can be used in either of the embodiments of Figs. 18 
and 19. Further, to such an extent that the assembly of 
the brake device 38 to the front wheel 1 1 is not prevent- 
ed, the ring plate 82 in Fig. 1 8 may be formed with tooth- 
ing on the inner periphery, or the flange 84b of the ring 
plate 84 in Fig. 1 9 may be extended toward the inside 
so that the detectable portions 82a, 86 can be positioned 
closer to the axis of the front wheels 11 . 
[0073] As illustrated in Fig. 20, metal pins 87 may be 
implanted into the inner side of the tire 35 at a constant 
pitch in the circumferential direction so that heads of the 



respective pins 87 are used as the detectable portion. 
[0074] When the detectable portion is formed integral- 
ly with the wheel 11 , toothing may be formed integrally 
on the side surface of a tire base 81 such that protru- 

5 sions are used as the detectable portion in place of the 
protrusions 34a formed on the wheel 34. 
[0075] The guard is not limited to the structure for cov- 
ering the lower side of the sensor. For example, only two 
blocks may be located in front of and behind the sensor 

10 for avoiding obstacles. Further, the guard need not be 
positioned near the sensor but may be attached any- 
where as long as it can protect the sensor from obsta- 
cles on the floor surface R when the vehicle is running. 
Furthermore, it is not essential that the guard protects 

15 the sensor both in front of and behind the sensor. For 
example, if the sensor is protected by the tire cover 37 
from obstacles on the floor surface R when the vehicle 
is running forward, the guard may only be required to 
protect the sensor at the back thereof. 

20 [0076] The rotation detector may be applied to a reach 
forklift truck of a three-wheel drive type which uses front 
wheels as drive wheels. In this event, a reach rail has a 
gear box for driving a front wheel. The gear box is fixed 
on the outside of the reach rail and opposes the front 

25 wheel at the inside thereof. A sensor is attached on the 
lower surface of the gear box. If the sensor is protected 
by a guard, or if the sensor is spaced from the front 
wheel by such a gap that allows a foreign object such 
as a rope to pass therethrough, similar advantages as 

30 those in the foregoing embodiments can be provided as 
well in a reach forklift truck of front wheel driving type. 
[0077] The rotation detector may be applied to a reach 
forklift truck which has two rear drive wheels, or may be 
applied to a reach cargo vehicle which includes a cargo 

35 carrying apparatus other than the reach forklift truck. 
[0078] The sensor 30 may be maintained in a state in 
which it does not virtually interfere with obstacles on the 
floor surface R. Therefore, the structure of the sensor 
30 is not limited to the provision of a guard around the 

^0 sensor 30, and positioning of the sensor 30 within the 
reach rail 21 . For example, when the vehicle is running 
forward, the tire cover 37 extending downward over a 
sufficient length from the lower surface of the reach rail 
21 protects the sensor 30 attached to the lower surface 

45 of the reach rail 21 from obstacles on the floor surface 
R. On the other hand, when the vehicle is running back- 
ward, the vehicle body 14 having the bottom positioned 
lower than the sensor 30 protects the rotation sensor 30 
from obstacles on the floor surface R. The sensor 30 is 

50 protected by the tire cover 37 and the vehicle body 14 
which are generally provided in the reach forklift truck, 
so that the guard can be eliminated. Also, the guard can 
be eliminated when the sensor 30 is protected by other 
structural materials than the tire cover 37 and the vehicle 

55 body 14. The "protected state" used in this disclosure 
means that the sensor 30 is located at a position at 
which the sensor 30 is virtually prevented from interfer- 
ing with obstacles on the floor surface R not only by the 
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guard but also by a particularly assembled structure of 
the sensor 30 (including embedding into the reach leg) 
and members generally equipped in the reach cargo ve- 
hicle (for example, the tire cover 37 of the reach leg 15 
and the vehicle body 14). 5 
[0079] The gap between the front wheel 11 and the 
sensor 30 is not limited to such a dimension that allows 
a foreign object such as a rope wound around the axle 
31 to pass therethrough. For example, the sensor 30 
may protrude from the side surface of the reach rail 21 w 
into the gap G between the front wheel 11 and the reach 
rail 21 so that the distance between the front wheel 11 
and the sensor 30 is not actually provided. Troubles due 
to a foreign object such as a rope can be prevented 
when the sensor 30 is p rotected by a guard or the guard '5 
is provided with the cutter 48. If the guard does not func- 
tion as a attachment bracket for the sensor 30, and the 
sensor 30 is directly attached to the reach rail 21, the 
sensor 30 is held at a correct position, even supposing 
that the guard is slightly shifted in position due to a for- 20 
eign object such as a rope possibly getting caught with 
the guard. 

[0080] The sensor 30 may be provided only on one of 
the right and left front wheels 11 . With the single sensor 
30, a detected rotational speed of the front wheel 11 25 
would be affected by a direction in which the vehicle 
turns (a different detected value is indicated depending 
on whether the sensor is attached to the inner wheel or 
to the outer wheel). However, if a steering angle (tire 
angle) of the drive wheel 12 is detected, for example, by 30 
a tire angle sensor and corrected, a converted follower 
wheel vehicle speed can be correctly calculated even 
only from the rotational speed of the front wheel 11 de- 
tected at the preceding time. It is therefore possible to 
correctly detect slippage of the drive wheel 12. 35 
[0081] The right and left sensors 30 may be selective- 
ly used in accordance with a vehicle running state. A 
rotational speed detected from one of the right and left 
sensors 30 may only be used in accordance with the 
vehicle running state. For example, as a method of cal- *o 
culating the converted follower wheel vehicle speed, on- 
ly a rotational speed of the front wheel 11 , which is the 
outer wheel when the vehicle turns, determined in ac- 
cordance with a steering angle detected by the tire angle 
sensor, may be used in place of an average value of 
rotational speeds of the right and left front wheels 1 1 . In 
this event, a larger detected value is provided by em- 
ploying the rotational speed of the outer wheel, thus im- 
proving the accuracy of the speed (follower wheel con- 
version vehicle speed or rear wheel position conversion 50 
speed) which is calculated based on the detected value. 
[0082] The sensor 30 is not limited to the type which 
uses a Hall element. Any other type of magnetic sensor 
may be used as long as it can detect information related 
to the detectable portion. The detectable portion may be 55 
implemented by magnets attached to the front wheel 1 1 . 
In addition, the sensor 30 is not limited to the type which 
utilizes the magnetism, but may be any type of sensor 



which detects information on the detectable portion of 
the front wheel 1 1 in accordance with another technique 
in a contact manner or in a non-contact manner. For ex- 
ample, the sensor30 attached to the axle 31 as illustrat- 
ed in Fig. 9 may be a contact-type sensor. For example, 
a roller may be arranged such that it is attached to the 
internal circumferential wall of the wheel 34 and rotates. 
The rotation of the roller may be detected by an encoder 
supported by the axle 31 . 

[0083] The type of control conducted for the reach 
forklift truck using a value detected by the sensor 30 is 
not limited to the ABS control and the turn stabilization 
control. For example, a TRC control may be conducted. 
[0084] The restricting surfaces for restricting right and 
left swing of the forks 24 are not limited to the inner walls 
21b of the reach rails 21 . For example, another auxiliary 
element is fixed to the inside of each reach rail, with the 
inner side of the auxiliary element used as the restricting 
surface, and the sensor30 is positioned such that it does 
not protrude from the inner side of the auxiliary element. 
In essence, the restricting surfaces may be formed of 
any members as long as they can restrict the forks 24 
swinging to the right and left to prevent it from interfering 
with the sensor 30. For example, the restricting surfaces 
may be implemented by the inner sides of the guard 
which protrude to the inside of the reach rail 21 for pro- 
tecting the sensor 30. When the guard does not function 
as a bracket for the sensor 30, the sensor 30 is held at 
the correct position even if the fork 24 strikes against 
the guard to result in a shift in position of the guard. 
[0085] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
and equivalence of the appended claims. 
[0086] Reach rails (21 ) extend forward from a body of 
a reach forklift truck. An axle (31 ) is fixed to outer walls 
of reach rails (21). Front wheels (11) are supported by 
the axle (31). Protrusions (34a) are formed on the side 
of the wheel (34) at a constant pitch. A guard (40) is 
attached to the lower surface of each reach rail (21). A 
sensor (30) is protected by the guard (40) from objects 
on the floor surface. The sensor (30) detects the number 
of revolution of the front wheel (11) based on passage 
of the protrusions (34a). The sensors (30) are positioned 
substantially within the dimensions of the reach rail (21 ). 
Therefore, if the front wheels (11) are non-powered 
wheels, parts for transmitting the front wheel (11) need 
not be added near the front wheel (11), thereby simpli- 
fying the structure for detecting the rotation of the front 
wheels (11). 



Claims 

1. A rotation detector for a reach cargo vehicle (10), 
the reach cargo vehicle ( 1 0) comprising a cargo car- 
rying apparatus, a vehicle body (14), and a pair of 
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reach legs (15) extending from the vehicle body 
(14), each of the reach legs (15) having a reach rail 
(21), the cargo carrying apparatus being movable 
along the pair of reach rails (21 ), and a pair of front 
wheels (11) being rotatably supported by an axle 
(31) at the outside of the reach rails (21), respec- 
tively, 

the rotation detector being characterized by: 

a sensor (30) attached to at least one of the 
reach legs (15); and 

a detectable object formed on at least one front 
wheel (11) to rotate integrally with the front 
wheel (11), the detectable object being detect- 
ed by the sensor (30) to determine the rotation- 
al speed of the front wheel (11 ). 

2. The rotation detector according to claim 1 , charac- 
terized In that the vehicle (10) has structural ma- 
terials (14, 21 , 37), and the sensor (30) is placed in 
a protected state from an obstacle on a floor surface 
by the structural members (14,21,37) when the ve- 
hicle (10) is running. 

3. The rotation detector according to claims 1 or 2, 
characterized in that the cargo carrying apparatus 
has a mast assembly (20), the mast assembly (20) 
comprising rollers (20a), wherein the cargo carrying 
apparatus is moved by movements of the rollers 
(20a) along guide surfaces (21a) of the reach rails 
(21), and the sensor (30) is positioned below the 
guide surface (21). 

4. The rotation detector according to claim 3, charac- 
terized in that the reach rails (21) are positioned 
between the pair of front wheels (11), and the sen- 
sor (30) is located below and separate from the 
reach rails (21). 

5. The rotation detector according to claim 4, charac- 
terized In that the sensor (30) is attached to the 
reach rail (21). 

6. The rotation detector according to claim 3, charac- 
terized in that the detector further comprises a 
guard (40, 55, 57, 60, 65, 74, 76, 77, 78, 79) at- 
tached to each reach rail (21) for surrounding the 
sensor (30). 

7. The rotation detector according to claim 6, charac- 
terized in that the detector further comprises a 
guard (40, 65, 74, 76, 77, 78, 79) attached to each 
reach rail (21) for surrounding the sensor (30), 
wherein the sensor (30) is attached to the guard (40, 
65, 74, 76, 77, 78, 79). 

8. The rotation detector according to claim 6, charac- 
terized In that the guard (40, 55, 57, 60, 65, 74, 76, 



77, 78, 79) comprises front and rear inclined por- 
tions (40a, 40b, 55a, 55b, 57a, 57b, 60a, 60b, 65a, 
65b, 74a, 74b, 76a, 77a, 78a, 79a), the two inclined 
portions approaching each other in a downward di- 
5 rection. 

9. The rotation detector according to claim 6, charac- 
terized In that the guard (40, 55, 57, 60, 65, 74, 76, 
77, 78, 79) comprises a cutter (48) for cutting a for- 

10 eign object wound around the axle (31). 

10. The rotation detector according to claim 3, charac- 
terized in that the reach rails (21) are positioned 
between the pair of front wheels (11), and the sen- 
's sor (30) is embedded within the reach rails (21). 

11. The rotation detector according to claim 1 or 2, 
characterized In that the axle (31) connects the 
front wheels (1 1 ) to the reach rails (21 ), and the sen- 

20 sor (30) is located on the axle (31). 

12. The rotation detector according to any of claims 1 
to 1 0, characterized in that the sensor (30) is po- 
sitioned substantially within the dimensions of the 

25 reach rails (21) in a lateral direction of the vehicle 
(10). 

13. The rotation detector according to any of claims 1 
to 12, characterized In that the cargo carrying ap- 

30 paratus has forks (24), the reach rails (21 ) have re- 
stricting surfaces (21b) for restricting swinging of 
the forks (24) in the lateral direction of the vehicle 

(10) , and the sensor (30) is further away from the 
forks (24) than the restricting surfaces (21b). 

35 

14. The rotation detector according to any of claims 1 
to 13, characterized In that the sensor (30) is 
spaced from the front wheel (11) such that a foreign 
object wound around the axle (31) can pass be- 

40 tween the front wheel (11) and the sensor (30). 

15. The rotation detector according to claim 14, char- 
acterized In that a gap (G) between the front wheel 

(11) and the reach rail (21) is 2mm or more, and the 
45 distance between the front wheel (11) and the sen- 
sor (30) is 2 mm or more. 

16. The rotation detector according to any of claims 1 
to 15, characterized in that the sensor (30) con- 
so tains a Hall element. 

17. The rotation detector according to any of claims 1 
to 16, characterized In that the wheel (11) is 
braked by an auxiliary brake device (38), and infor- 

55 mation detected by the sensor (30) is used to de- 
termine whether or not to activate the auxiliary 
brake device (38). 
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18. The rotation detector according to any of claims 1 
to 17, characterized in that the detectable object 
includes protrusions (34a, 82a, 86, 87) arranged on 
a side or an internal circumferential wall of the front 
wheel (11) at a constant pitch in a circumferential 5 
direction. 



19. The rotation detector according to any of claims 1 
to 18, characterized in that the detectable portion 

is formed directly on a side or an internal circumfer- 10 
ential wall of the front wheel (11). 

20. The rotation detector according to any of claims 1 
to 18, characterized in that the detectable object 

is formed on a ring plate (82, 84) fixed to the front 15 
wheel (11). 

21 . The rotation detector according to any of claims 1 
to 20, characterized in that the detectable object 

is made of a magnetic material, and the sensor (30) 20 
comprises a Hall element. 

22. The rotation detector according to any of claims 1 
to 21, characterized in that the front wheels (11) 

are follower wheels. 25 



23. The rotation detector according to any of claims 1 
to 22, characterized in that the detectable object 
is formed on each wheel (11). 

30 

24. The rotation detector according to any of claims 1 
to 23, characterized in that the sensor (30) is at- 
tached to each reach leg (15). 

25. A wheel for use in a reach cargo vehicle, the vehicle 35 
comprising the wheel, and a sensor (30) located 
near the wheel, 

the wheel is characterized by: 

detectable objects made of a metal and ar- 
ranged on an side or an internal circumferential wall 40 
of the wheel at a constant pitch in a circumferential 
direction, the detectable objects being detected by 
the sensor (30) to determine a rotational speed of 
the wheel. 

45 

26. The wheel according to claim 25, characterized in 
that the wheel is a front wheel (11), and the front 
wheel (11) is non-powered. 

27. The wheel according to claim 25, characterized in 50 
that the detectable objects are directly formed on a 
side or internal circumferential wall of the front 
wheel (11). 

28. The wheel according to claim 25, characterized in 55 
that the detectable objects are formed on a ring 
plate (82, 84) fixed to the front wheel (11). 
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Fig. 2 
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Fig. 3 
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Fig. 5 
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Fig. 7 
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Fig. 9 
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Fig. 11 
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Fig.14A 




Fig. 15 
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Fig.16A Fig.16B 
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Fig.19B 
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Fig. 20 




Fig. 21 
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